1. Introduction {#s0005}
===============

With the developments and advances in the treatment of several bone conditions; ranging from osteoporosis to malignancy of the bone, adverse or side effects/complications of medications, follows the disease. Unexpected bone fracture ([@b0140]), hypocalcemia ([@b0145]), and osteonecrosis of the jaw are few examples of these unwanted effects.

Medication Related Osteonecrosis of the Jaw (MRONJ), is a necrotic bone exposure, in the maxillofacial region, that persists for more than two months, with a history of or current use of an anti-resorptive or anti-angiogenic agent and no history of radiation therapy or obvious metastatic lesion to the jaws ([@b0210]) MRONJ has been reported for more than a decade and has an adverse effect on the patient's quality of life ([@b0200], [@b0025]). Specifically, MRONJ may present with pain, swelling, paresthesia, suppuration, soft tissue ulceration, sinus tract, loosening of teeth^6^, and/or jaw deformity ([@b0130], [@b0040]).

The first case of MRONJ) was reported way back in 2003, in a patient using Intra venous (I.V.) bisphosphonate (BP) ([@b0200]) Since then, several cases have been published about bisphosphonate-associated osteonecrosis of the jaw ([@b0025]). I.V. BP related osteonecrosis of the jaw has been reported up to 27.5% with a mean of 7% ([@b0040]). The condition which once called as avascular necrosis of the jaw ([@b0200]) renamed to bisphosphonate-associated osteonecrosis of the jaw, ([@b0200]) when more reports getting published linking BPs to the jaw necrosis. Though majority of these patients received I.V. BP ([@b0045]) a causal relation is not yet established ([@b0045], [@b0135], [@b0050], [@b0065], [@b0215], [@b0035], [@b0055], [@b0250], [@b0115]). Further, with the report of osteonecrosis of the jaws in patients using anti-resorptive medications, the term anti-resorptive osteonecrosis of the jaw (ARONJ) was used ([@b0155], [@b0105], and [@b0265]). Anti-angiogenic agent was first reported to be associated with MRONJ without concomitant BP in 2008 ([@b0090], [@b0075]). Similarly, in 2010, Aghaloo et al. ([@b0010]) reported a case of MRONJ that was related to Denosumab, a relatively new anti-resorptive agent. Since then, many cases of Denosumab- related MRONJ has been reported ([@b0010]) though, reported prevalence rate was lesser compared to IV BPs ([@b0010], [@b0110], [@b0095], [@b0225], [@b0275], [@b0080], [@b0240], [@b0125], [@b0230]). As a consequence, the American Association of Maxillofacial Surgeons (AAOMS) included all of the above mentioned class of medications as potential risk factors for Osteonecrosis of the jaw, expanding the risk factors and utilizing the currently accepted term of Medication-Related Osteonecrosis of the Jaw (MRONJ) ([@b0210], [@b0090]).

Culmination of the reports, publications lead to formulations of the first clinical practice guidelines in 2005 by the American Academy of Oral Medicine to educate the health care community and patients in an effort to prevent and manage the condition ([@b0200]). In 2007, the AAOMS published updated clinical guidelines that included more detailed staging and broader risk factors ([@b0025]).

Despite the need of significant supportive role of physicians and dentists in minimizing MRONJ by following and applying the recommendations that stresses the importance of oral hygiene ([@b0230]), many health professionals including dentists, physicians, and nurses are not aware of the MRONJ as a risk of BPs ([@b0070], [@b0020], [@b0260], [@b0165]). This may adversely affect clinical outcome among high risk patients.

Numerous studies link MRONJ to infection as a primary risk factor ([@b0120]). It is a proven fact, that by multiple mechanisms, microorganisms could enhance bone destruction as well as facilitate BP release from bone by acid production. This hinders the ability of macrophages to attack the bacteria ([@b0120]). Since periodontal disease is an immuno-inflammatory disease initiated by microorganisms, the grave importance of optimum oral hygiene among those patients at risk for MRONJ has to be prioritized ([@b0175], and [@b0100]).

Patient's co-operation plays a significant role in the prevention of MRONJ. These patients must be educated and made aware of the potential complications ([@b0185]). A recent study done in Australia found a significant reduction in the incidence of MRONJ cases after having applied preventive measures that included patient education ([@b0230]) in few other studies, it was concluded that, a monitoring program which included a patient education proved to have better MRONJ outcomes and reduced the need for aggressive treatments ([@b0150]).

There are many cross-sectional surveys assessed the level of knowledge and awareness of patients regarding the risk of anti-resorptive agents ([@b0030], [@b0170]). There is insufficient information regarding the side effects of BP use, including the severe complication of MRONJ, among the patients and there is a serious need of different methods of educating patients with MRONJ risk ([@b0030]). Similarly, patients on BP medications may be unfamiliar with the drug and its possible adverse oral side effects ([@b0170]). Despite the fact that, drug information resources are widely accessible online or by personal digital assistant devices, patients rely primarily on their physicians for this information. Hence, all the clinical practice guidelines emphasize the preventive measures that begins with patient's awareness initiated by healthcare providers.

Literature review till date on patient awareness about the MRONJ are scarce. Further, there are no reports of studies being done in the middle- east to assess the status of awareness. Thus, this prospective study is undertaken, to determine if any, additional steps are needed to educate the patients, by evaluating their awareness level for risk for MRONJ, a key step in primary prevention. The information gained from this project, will provide a foundation for developing effective patient education materials for use in dental clinics.

To explore and assess the awareness level of MRONJ among the patients, who receive dental services in dental clinics and to understand the possible demographics of MRONJ population at risk.

2. Materials and methods ([Fig. 1](#f0005){ref-type="fig"}) {#s0020}
===========================================================

2.1. Methodology of recruiting participants {#s0025}
-------------------------------------------

This is a prospective interviewer administered, research electronic data capture (REDcap) survey project. REDCap ([@b0195]) is a secure, web-based application designed to support data capture for research studies.Fig. 1Flow chart of materials and methods used.

The sample size was calculated by using this formula.$$\text{Sample}\,\text{size}\,{\mspace{6mu}\text{=}\mspace{6mu}}\,\frac{\frac{z^{2} \times p{(1 - p)}}{e^{2}}}{1 + \left( \frac{z^{2} \times p{(1 - p)}}{e^{2}N} \right)}$$where, N = is the total number of patients attending hospital, who are taking drug at risk for MRONJ. e = margin of error. Z score is the number of standard deviations in each population is away from the mean.

Thus, the target number for this study was 80 patients and the study duration were 8 months. Potential subjects were informed about the study and asked if they were interested in participating in a survey where they would be asked questions regarding their awareness of MRONJ. A questionnaire including 21 questions (3--5 min completion time) was used by a primary investigator in a private dental room prior to receiving dental services. Protected Health information (PHI) was not collected and the survey results were reported as aggregate data. Patients were provided with a patient information sheet and allowed to ask questions prior to the survey. Participation involved a one-time interview that lasted approximately 3 to 5 min. A waiver of documentation of informed consent was requested and approved. Data was analyzed directly from REDCap as an Excel spreadsheet. Analysis of identified information was completed, and data was maintained on a secure server at King Fahad Specialist Hospital-Dammam.

2.2. Questionnaire {#s0030}
------------------

Questionnaire was prepared and validated using a standard process. Face validation was done jointly by an expert in the field of the topic and by an expert in question construction. (Here we have taken the help of a community dentist who is expert in conducting survey). The Suggestions given by the expert has been added in improvising the questionnaire. Following which, a pilot study was done among 10 participants and collected data was analyzed. Principal component analysis was done and internal consistency for questionnaire was checked. At the end, by collecting all the information, a final draft of questionnaire was prepared and utilized for the survey.

Questionnaire consisted of demographic data like age, sex and educational background. This was followed by a single question on principal component of awareness about MRONJ. Third part consisted of series of 8 questions pertaining to each drug related with MRONJ and response was noted.

2.3. Subject selection {#s0035}
----------------------

The principal investigator (PI) of this project, prescreened the dental patients for eligibility. All patients who were eligible were approached by the PI to determine voluntary participation.

### 2.3.1. Inclusion criteria {#s0040}

1.18 years and above.2.History of/current use of/future use of anti-resorptive (BPor Denosumab), and/or anti-angiogenic agent (Sunitinib or Bevacizumab).3.Agree to participate in the survey.4.Capability to answer without aid.

### 2.3.2. Exclusion criteria {#s0045}

1.Any patient who has been recently educated or patient who is enrolled in another study.2.Does not speak and/or understand the common communicating language. (Arabic).

2.4. Statistical analysis {#s0050}
-------------------------

Data has been analyzed using IBM SPSS software. This study focused on descriptive analysis. The mean age and frequency distribution for all categorical variables have been calculated. Comparisons of MRONJ awareness question responses and education level have been done using chi-square test.

3. Result {#s0055}
=========

Sixty-eight patients agreed to participate in this study with response rate of 77%. Among this, 50 of them being females. The participants ranged from 20 to 80 years of age. Most of the participants 67.64% (n = 46) were, in the age group of 41--60 years ([Table 1](#t0005){ref-type="table"}). The patients have responded to the study questionnaire in the following manner:Table 1Demographical data of participated subjects.**VariablesResponsesAwarenessp-valueYesNo**Age20--4029**0.008**41--60212561--81011GenderMale513**0.573**Female1832Education LevelLess than high school719\<**0.001**High school211College degree or above209

Study population divided according to their education qualification as follows. College degree or above, 42.6% (n = 29); high school diploma 19.1% (n = 13) and less than high school, 38.2% (n = 26) ([Table 1](#t0005){ref-type="table"}).

From the sixty-eight patients studied, only 33.82% (n = 23) patients were aware of osteonecrosis of jaw. Among this, majority of them were females. 66.18% (n = 45) of them were not aware of the condition, which is statistically significant (p value = 0.008). There appears to be a significant co-relation between education level and awareness, where patients with college education were found to be better aware than the high school and below high school patients (p value ≤ 0.001) ([Table 1](#t0005){ref-type="table"}).

Regarding the use of BP, 16.18% (n = 11) were expected to take BP in the future, 51.47% (n = 35) were currently using BP, and 17.65% (n = 12) have used it in the past. Similarly, regarding Denosumab, only 1.4% (n = 1) patient reported to have taken it in the past, 7.3% (n = 5) patients were currently taking the medication and 48.52% (n = 33) of them were expected to take in the future. There was no patient who was taking anti- angiogenesis in the study group and 66.17% (n = 45) of them would probably take the medication in future ([Table 2](#t0010){ref-type="table"})Table 2History of taking the medication.**MedicationResponsesAwarenessp-valueYesNo**BisphosphonateI have taken in the past but not currently66**0.12**I am currently taking1421I have never taken but I expect to take in future38DenosummabI have taken in the past but not currently10**0.246**I am currently taking23I have never taken but I expect to take in future1320AntiangiogenicsI have taken in the past but not currently00**0.575**I am currently taking00I have never taken but I expect to take in future1324

Among the forty-seven patients who had a history of/currently using BP, 4.25% (n = 2) stated that, they are taking by mouth and 72.34% (n = 34) by infusion and the remaining 23.40% (n = 11) patients by injection. 100% (n = 6) patients who were on Denosumab were taking it by injection route ([Table 3](#t0015){ref-type="table"}). 95.74% (n = 45) have taken BP for cancer and 4.26% (n = 2) patients for osteoporosis. All 6 (100%) patients who were on denosumab are cancer patients ([Table 4](#t0020){ref-type="table"}).Table 3Mode of delivery of the medication.**MedicationResponsesAwarenessp-valueYesNo**BisphosphonateBy injection47**0.38**By infusion1618By mouth02DenosummabBy injection33By infusion00By mouth00Table 4Disease for medication taken.**MedicationResponsesAwarenessp-valueYesNo**BisphosphonateCancer1926**0.657**Osteoporosis11DenosummabCancer33--Osteoporosis00

In the present study, only 35.29% (n = 24) subjects (23 on BP medication and 1 on denosumab) received the information about the medication. Patient knowledge of BP was primarily received from one of the following sources: physicians 70.84% (n = 17), 4.17% (n = 1) from nurses, 25% (n = 6) from dentists ([Tables 5](#t0025){ref-type="table"} and [6](#t0030){ref-type="table"}).Table 5Potential side effects information was given before administration of medication.**MedicationResponsesAwarenessp-valueYesNo**BisphosphonateYes12110.156No816DenosummabYes100.5No23Table 6Source of unwanted effects of medication received.**MedicationResponsesAwarenessp-valueYesNo**BisphosphonatePhysician98**0.542**Nurse01Dentist33

In the BP medication group, twenty-nine patients did not have any oral side effects 61.70% (n = 29), 10.64% (n = 5) had an exposed bone, 19.15% (n = 9) patients had pain, 4.26% (n = 2) experienced swelling and another, 4.26% (n = 2) subjects have suffered from infection ([Table 7](#t0035){ref-type="table"}). In Denosumab group, 16.67% (n = 1) patients experienced bone exposure and 83.34% (n = 5) of them did not have any unwanted effects.Table 7Oral Side effect experienced after the medication.**MedicationResponsesAwarenessp-valueYesNo**BisphosphonatePain18**0.012**Swelling02Exposed bone50Infection02None1415DenosummabPain10**0.223**Exposed bone10None23

4. Discussion {#s0060}
=============

In this study, the awareness level and the information source(s) of patients at risk with MRONJ was evaluated. With our knowledge and the literature reviewed till date, this pilot study is the first original study in assessing the awareness of the types of medications with risk for MRONJ in the Middle-East. Furthermore, this study is reported a first look at the correlation between MRONJ awareness and the academic background of the subject studied.

Data was collected from sixty-eight patients over the course of 8 months. The small sample size of the present study is due to the narrow inclusion criteria alongside the difficulty of finding participants willing to join the study. The reasons for some patients' refusal to participate in the study were, questions of anonymity due to previous negative research experience, limited time for dental visits. Other reason is that the potential participants did not feel the need to disclose about their experience.

The study population comprised of 50 females and 18 males. Although a significant correlation between gender and MRONJ awareness was not found, women were found to be more aware of MRONJ. Studies revealed that women tend to search for additional drug information, specifically side effects, more so than the men ([@b0270]).

The age of patients who participated in this study was ranged from 21 to 80 years. No significant relation between age and MRONJ awareness was found, however, patients under 60 years of age were likely to be unaware of MRONJ. This is explained by Ziegler DK et al., who stated that, younger individuals are more likely not to request for information on the adverse effects of drugs ([@b0270]) Life experience of older individuals, may also be the possible reason for better awareness about the medication among them.

One of the crucial risk factors of MRONJ is patient knowledge and awareness. In our study, we observed that 66.12% of the patients were unaware of MRONJ. Likewise, study conducted by Bauer SJ et al., revealed that, among 56 study subjects, 76% of them were not aware of BP related MRONJ ([@b0030]). Another study by Singh J. et al., also found out that 86.7% of the individuals interviewed answered incorrectly to the question "which side effects may occur?" and 94.3% answered incorrectly to the question "how to recognize them?" in their survey ([@b0235]).

In this study, eleven patients were aware that, they would be starting the BP medication relatively soon; however, some of them were unaware of MRONJ. Furthermore, nine patients knew nothing about BP, while in reality, some of them were currently using or about to start BP. Generally, one possible reason for the patients' lack of MRONJ awareness or even the type of medication could be the result of uninformed dentists or physicians. Many awareness studies among the physicians and dentists have revealed that, less acquaintance with the medications and have suggested modification in the curriculum regarding the medication related to MRONJ ([@b0160] [@b0015] [@b0070], [@b0020], [@b0260]). In fact, today's dentists are expected to be better aware of BP, since, it has been in use for decades. It is expected that lesser percentage of health professionals are aware of Denosumab-related MRONJ, because, Denosumab has been introduced only a few years ago. Possible other reason for unawareness, is the lack of written communication ([@b0180], [@b0220]). Our dental department in hospital is yet to provide the patients with the written instructions on MRONJ risk, but it is one of our future study goals and a step in preventive strategic plan.

Despite majority being unaware, those who were aware of MRONJ in this study were college graduates or individuals with good academic background. This observation is in comparable to the findings of Papanikolaou, PN et al., where they found out that, 67% of patients who were aware about the side effect of medications have completed university education ([@b0190]). However, Ziegler DK. results indicated that highly educated individuals are less informed about drug side effects ([@b0270]). One has to understand that, examining individual's desire for information is something different from examining their knowledge about the facts.

The source of patient information about the potential side effects of BP in this survey is mostly obtained from physicians. In contrast, Bauer JS et al., reported drug package inserts as the main source of drug information ([@b0030]). Interestingly, six of our subjects reported dentist / dental specialist as a source of information. It appears that though the unwanted effects are available in the drug package, it is the duty of the physician and/or the dentist to reinforce the same for the better compliance and lesser complications.

Among BP users, majority of them have experienced BP side effects, mainly, with exposed bone and pain. Based on a recent systematic review, MRONJ prevalence among oncology patients who received I.V. BP could reach up to 0.2% ([@b0125]). Those who reported the side effects (pain and bone exposure) are probably aware of BP-related MRONJ. As claimed by Papanikolaou, PN et al, 76% of the patients experiencing at least one adverse event are aware of the side effects of their medication ([@b0190]). Two patients reported intra-oral swelling, however, no literature was found which associated BP with the oral tissue swelling. Thereby, we assume that oral tissue swelling reported in the present study may be due to other medications or mucosal trauma or infection or misinterpretation by the patient.

Low awareness about the unwanted effect of the Denosumab in the present study may be because, it is a relatively new medication unlike BP ([@b0095]). In the present study, only six patients had the medication or currently taking this medication. All the six users received their drug information from a physician prior to the drug course. One of the six patients noted bone exposure as a side effect. In fact, MRONJ in Denosumab users is considered rare. Though number of patients taking this medication is very small, there is possibility of the exposure to this drug in future among these patients. However due to small sample size of users of this medication in the present study, a definitive conclusion cannot be drawn. Aliya AK et al., mentioned that the prevalence of MRONJ among oncology patient who received Denosumab would reach up to 2.3% per 100,000 patients ([@b0240]). To the best of our knowledge, this is the first study that tests the patients' awareness of Denosumab.

Concerning the last drug of this survey, anti-angiogenics, none of the patient were taking or have a history of taking antiangiogenics. Our hospital protocol requires dental screening of any patient on a course to receive anti-resorptives rather than antiangiogenics, because all current evidence relates anti-resorptives to MRONJ more than any other drug class. It is also to be noted at this stage that, MRONJ cases associated with isolated antiangiogenics are considered to be rare. As stated by the Italian Safety Drug Agency, only 16 cases of Bevacizumab, 20 of Sunitinib, and 1 of sorafenib have been recorded to be related to MRONJ in 2015 over a span of 10 years ([@b0090]).

Out of the fifty-three who have reported to be using either of the medication, only twenty-nine received a dental examination before taking their medications and twenty-four received a dental examination after starting the medications. We consider a dental visit, for those who are going to receive BP or Denosumab, as a pre-medication clearance in our hospital. This allows them to take all MRONJ prevention measures and precautions. The dentist, during the visit will explain the importance of oral hygiene and educate the patient about the main MRONJ risk factors and symptoms. This will promote the importance of optimum oral health as well as the importance of follow-up in future. Indeed, every patient should know his/her medication plan and all information about possible adverse effects. Many different sources of literature emphasize the preventative measures in order to avoid MRONJ and nearly all these sources include patient education as an essential step in the process ([@b0245], [@b0085], [@b0255], and [@b0005]). We believe that the patient education should not only be limited to oral hygiene instructions. MRONJ risk factors and MRONJ symptoms are also to be an integral aspect of the information, one must convey during patient education. Dental visits prior to taking anti-resorptives and/or antiangiogenics is highly recommended. Such visits have been shown to reduce MRONJ incidence significantly and expand the medication's benefit to the patient, especially if oral health measures are taken into consideration ([@b0210]). Sim et al., concluded in their study that MRONJ incidence was significantly less among oncology patients after dental preventive measures were observed, including educating the patient, before starting anti-resorptive therapy ([@b0230]). Similarly, another study showed that the implementing preventive measures for multiple myeloma patients decreased the incidence of BP-related MRONJ by three-fold ([@b0060]). Likewise, Ripamonti et al., reported a drop in the MRONJ incidence from 3.2% to 1.3% after application of pre-post preventive measures ([@b0205]). Repeated or follow-up dental visits, after starting anti-resorptives or antiangiogenics, are advised regardless of MRONJ diagnosis. Current AAOMS guidelines recommend close monitoring, not more than three months apart, to those with established MRONJ ([@b0210]).

We believe that the strength of our study is that, it is the first of its kind, that is considered all the MRONJ risk medications. Furthermore, majority of the study subjects were oncology patients, who categorically have a higher MRONJ risk. Finally, this study is the first reported study as per our knowledge reported in examining individuals planning to receive antiresorptive medication in the future, based on the treatment plans involved.

Though this study is unique and the first of its kind in the Middle East, and with results drawn which are useful to implement the preventive measures, the results are to be viewed with the caution. Small sample size, which is suitable for a pilot study. To conclude categorically, a larger sample size is desirable. Nevertheless, the outcome of this study definitely helps in initiating the educative aspect to increase the awareness among these patients. Since number of females were more in the study, a logic conclusion based on gender basis is difficult to interpret and implement, which warrants further continuation of study in different centers and with the inclusion of a large data base. Further, this would add a greater value to test the awareness level after the patient education session to compare their response to the baseline

Thus to improve upon and to conduct the future studies, the following recommendations are proposed. Aside from expanding the sample size, adding a socio-economic status as a variable, including new medications that have MRONJ risk, such as inhibitors of mammalian target of rapamycin (mTOR inhibitors)^20.^ and recording the number of individuals that refused to participate and noting their reasons, will add the greater value to this study.

5. Conclusion {#s0065}
=============

This study shows that awareness of medication-related osteonecrosis of the jaw is poor amongst patients who are at risk of MRONJ. An effort to educate users of BP, Denosumab, Bevacizumab and Sunitinib about their medications and their potential side effects as well as including preventative measures must be added in the strategic treatment plan. Health care providers, especially dentists, must be aware of MRONJ and its risk factors. In addition, they should know the significance of their role in educating and preventing the condition by following their health practice guidelines as well as applying the necessary preventive measures. A check list to be provided to the dentist and physicians when treating such patients to ensure that, information to the patients have been provided without failure. Written communication to the patient and patient's accompanist to be developed and made available. At each visit, dentists and physicians need to assure that, these written communications are understood by the patients and proper precautions are being taken by them to avoid the complications.
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